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pos~i~l\ oi~ fields of~' NeM'io~ndland I ~ s~pthe-~s~ . coast _·to .. · ~ .. 
.. ref in~ries on 't ·he south coasL · · · · 
-
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Thus the economic future ·of Newfoundland may depe_nd 
' . . I ' , • 'i ' 
in pa~t. ori the constru~tion of undersea tunnels. And any-
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approach. ., 
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by Roe·, ' Soulis and ·lla.nda '. (41).·. 
·,· 
t.•' . 
:. 'the tunrrel~~g ~!o~es·s cdns.isfs of a number of interr-
·· elat'e-~ · activities·taking place .at .var'ious loca,tior1s in the 
. . ' . . 
tuinel and .on . the surf~~e: . The 'ilta.jol;"· activities · ar~ ( 9).; · 
v •' • 
' . ( . 
. ·. 
. . 
. 
1. Excav~tiQn, whi~h·c~n~ists.Qf ~~eaking or 
rfra.gm~nta tion .. .an'd removal ~f in..:..si tu ro~·k or soil. 
' , ... .. 
. . . 
2 . . Ground support installation· and.·mainte,nance .to ·.1 
·, 
· a~isur·e the safety ·of the~·tunnei. 
• I • &- \o • ' , • 
il . 
.. 3 . . Transport of muck ·-or spoil ·from t ·he. excavation· 
area to a disposal · ~i-te on oth~ ·'sur iace· . 
I . . , 
4. Tran.sp·ort of construction m~terials from· the 
· ·'surface to th.e 'poin·t . ~~ · in~talla t i~~- ·.o·'r -,~s·~;g).; · · 
5. 1'Tr~n~port ~.ri a s'qift ~ycr.· · oi . personn~l-~.:to·-~~~ ·. 
... 
. from .. the work .sites with n ·the ' tunnel .complex. . . .' ·. I 
. . . 
\ . 
·6 . Provision of an environment adequate .for equipmen't 
. . . :{ .. ~ . . . , _ .... . · '. ' ' , , . 
_a.nd personnel to perform ~·he_i]J.. fun~~ionsf :· 
7~.~aintenance of operating equipment. 
, . . ' 
8. · Above ground operations r~.quired to support. under:.:• · 
_ g·r~und ' activities . 
. , .. 
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unecessary • increase. in, construction qost •: sin~ a sel~ ... c;:"tion .. 
' 
once maij~, will ~ave _to ' last ~ l~ng time due to untieli~vable 
shipp-ing delays associated "wi-th impo:rta tion of equipment 
_com·prising a~. new and ·supposedly 
s 'uch delays ·are an·toocommon. Hence a g;o,_d cqmbinati'on at 
. ;;..~ .. I . ·, . . 
tlf"E~ll~·outset will· result in economy as co.nstruc.tion proceeds ·. 
;:.~t~<. . 6) 
- ., -~-o To mod·el a tunnel project and have it operate using . 
. '\. 
' ' 
various· construction methods ·and equipment types would 
'\'\\ 
Undoubt,e~ly aid design . engineers and contl;"aCtqr·s in making 
more reliable selections. · . 
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Any of the faritors which comprise the'construction 
env~ronme~t might ~ndergo· t~search~eading te possibl~ 
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.improvement:. This is. only )o_g.i .cal s.ince the whole aspeqt of 
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· tunneling -~ including fac t 'ors·'as·socia ted wi'th the other 
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( 1). ; . 
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· to be .init~ated in the near future. The ne~d for improvement 
. 
in equipment seiection has also been emphasized at the_ · 
' . . Adv:.isory Conference on· Tunneling held in Washington ~. 
' ' . ~ -
quring June 1970 (1) . 
··. Di'"ect.ly ·relat.ed 
,, 
•, 
• I • ~ ' • 
another 
· fact.ir'._ i? ·the~· ·. : enyircinment kitowledge of. tunnel~ 
. .' ing ~ds:;-nependi n the method of tunneling, various 
· _,_..-equ ipment selectiorls iJJ.. order to expedite cons,tru~t-
/ 
· ion . 
t( 
· ,-- -- ---~. · · · The-result of direct 
. ' . . . . ~ ·· ·- results Qf . vario~ reports,. w seem .to indicate a"basH~ 
.• • ~~ 1 • ·lai:k. in . ' 16n e~viron~_~jt~ particulari_Y i:n ' the area 
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Si~ce this env~ronment is of 
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· : research . involving . selec(t ion anq eQuipment would 
. . , . . . . . . ·.' . I 
..... . . 
ap~ear ·ben~ficial . 
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Th.e selection of tunneli-ng .method and ~qu'i·pl'nent as 
. . . 
it ·applies to the wh6le tunneling process (9) can be 
·ex~remel~ comp l icated dui io ~he many f~ctors that need 
' . . . . .. 
··c0l1side r a.ti.on . rtot only must· the t unne ling pro~ess ... be e.xamin-
. e d 'as ,a _:s ys"tem' but various da ta concerning ma ny typ'es of 
· ·e qu i pment must . be a·vailable . An i dea of ~quipment. types 
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-. Cl~.s~~ip'f-i~n ~ - _.w~il~ - -~ti.i'1 -·?~-h~s _ ·a~6~P~ 'the ·-s~~t~~: · ..d~s~~·~p~i~n 
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· ~·val~a·t~qn ··_and Re_view Tec~nique Simu'l'a't-ion : (_GERTS)_ (31,). · It:_··_· . 
.. 
is ' a comp~ter progra.ln which simulates.· some operation . . or , . 
i~ ·. represen~ed ··i·~ ~~~~~ .. df _a _:G~RT . (~ra~,hi.cai· 
. ' . . ·, . . . . ... . . . . 
function t·ha t 
~ya~~ation · and R!=!vie\v: Tee~nique) · ~etw~rk. · The fa'o,t 'that·· net_.:. .. : . . 
. . ·• ' . 
·.wo_rk , simul~t~on ._ is. ·in~olved makes this approa'ch r~ther 
.unique .'( 2~) ~- , . . 
• t "' ' 
~ .. · t. 
..: ("" o ' ,.· • I ' f._), .. In·addition ' to the 'AND' ~nput . and . 'D.ETE~MINIS':f.'IC ' ·· 
• • ., •• • • • • : · • • ' • • • • • • • •• • • • 0 • • '~ • • 
~ ~. !.~ · · " ou 'tput ·. ~nara_c;,teristic of nOdes ·.in CPJ.l .and- PERT ' networks, 
• , . .. ~ .. • • • • • , ' • ' • • : ~ ' • - ·; • • • • • • • • • • • • ' • 0' • • ' 
::.·~ ~~ · '· · . . . · GE.RT e.mpodies .two . additional logical ·relation ships ( $)'. Ttie' 
··r:t) ··.·: .. .. ·. ·_. ,'_ .-r.iisf' i~ - -~~ --~ ~·on; ::.i~~ut, .' s.ig~ffying· . that on~;-· ~r .s~me, .but·.: .. 
: i{ . ·.. . ~~t ~I·i ot the a:Hiritfes'enteri~~ a node are ~~cesSarY t~ . 
~· t> . · -: · · re~li~e ~he: noae .. i The sec.ond a·dd<i't i~nal ,·log::i~·al feature .is f . i~t . : ' . ' ·., ":· ' . ~ . - . . . . '' .. .. . . . ... 
:. ·-~r- . :·.. ...:-· - · a '' 'PROBABILIST-IC' output. Tb.ese add-itional feat;ure's provide .: .. . 
• . tJ.· •: I 
~ ~- .. . . . 
. iS:' . : ~ .· flexibility: hard to· find 'in -any .. _other network' ·technique' . ' :·:_,·~; .. ;· 
.. : ·~ .. 
_': ~~ ... 
:·1\ 
. 
. 
• ' . ·, ' I ,. ' 
. - .~ e~pecially ·.cP.M. and ·PERT; · CPM and PF;RT . ~~e p·roj.ect - m~n.ag~ment. · .. ...- · 
! \ · • . • • 
. linformat~on . syst~ms· . · Also,, .G.ERT does not use on'ly beta . 
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. b·ranche~ reiative to the· occurrence of · specific · events: .· Su~h: · · . ·. ::· 
~l~xibil:i~;· ai-~ows '.for ~~~~rate ' r;prese~tation'~ o.f r~:a~...:~i~ :· .. · 
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systems·. An · ·extension .·of . the basic ·GERT conc~pts. Q-.GERT • 
. . . · . . . .. all?~s f?r n~~wor~ ,~hie)' · con b. in. nodes with storige capab- ... 
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' 1. 31 PRESENT- APPROACHE-S .T_O TUNNEI:.-· SIMULATION 
". ' 
• . 
-··-
-.. Recent deveiopments in simulati'on· rel·ated to 
' ,· • ' . - J ~ - • • • • • ' 
constru~tion > have revealed. modu'larity_ ,aS' a si_gnifica.nt 
• 
f-e'atu're of- the· s -imula t'ion model ( 27)-. One int-eresting 
. .. .. 
' : 
• ' I • . \ 
· application of such an approach has been· presented, .by Halpin 
and Happ (12'). Here network elemen·t ·s are . combined to build 
~o~ul~s ·which frequentiy recur iri the modeling oi construct~ 
. 
· ·~6n -operations and processes. 
· .'; .·~ 
. The basic' structure ?f · ~oinputer simulation· programs . 
· .. : cof1si~ts · of (16); 
. • 
1. A geology- model . t'o produce detailEid 'and 
consistent .representa tioils of _real istic~lly · 
cbmpl~x geQlogy . 
· 2; A tunneling model to simulate any_ ·one !Jf several 
. . - ~ 
• . ,•J e~cavation systems . . : . ' . 
. 
' ' 
-
·A ·. siinula tion prc;>gram ~inploy ing the modular app~oac)1· miijtt : 
' . ' 
·have two modules correspondi~g to . the a}Jove ba·sic stnucture, 
or it may ·have several. modules as the result _of breaki~g 
down t 'he ·fundamental strtkture. Also, .. the fu.ndamental 
. . . : . 
'· st~ucttf~e may be extte.nded to ;incl···ude .'a ~ost ~--est'imating· 
·.~ I 
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, 
.r:- system. Hence· the .. overail ,purpose of ,su.cjl a simu~ation· 
... . : . - ' . . <' . 
model ·iS to identif~ and provide a framework ~Ui table for ... 
. · • evaluating the cost _and merits. of various tU'nnel:i;_ng 
. r 
' · equipment systems. A computer program in present · use, 
. . al th.ou'g-h no't strictly a simulation program, has 
. . . ' . ' 
. a'lci'ed such 
.. "' 
. .. ev~luati~n. · It i-s ~a · p.rogr~m f~-~ eslimat.i'ng cost 
.tunneling (51). 
. '- , 
· o 
' 
of hardrock 
· J 
I 
I 
, ... . 
One very ob~ious lack in pres~nt ~ppr~ache~ rrsults .. 
· from ~ot' ha vi~g· a problem o;r iented c6mpu.ter' language ·;for' use 
in simulatirig a tunneling sy~tem . . Such a, l~ck -require's the 
. . . . 
u~e 6f· simulation la~guages not design~~ - ~~~bifically .for · 
tunnlling. GPSS is a'nl exampl~. Henc~ a tu~ne~ing contra'ctor 
'\ \\ . . . 
wishing to use .simulation .~6 evalu.ate ·.a proposed tunneling 
. \ 
system has to be fainilia:x: w,itn simulation languages not 
lVhpl.ly· d~~.~gnea · for hf s fi e ld. 9f endeavour: 
A second lack is t~at present appro'aches do not 
relate to . an~ basic netwo.rk · r~pi·e·sen·E.i ng .tunneling . qper~t....:· 
- .. 
. I 
ions, Most tunneli·n·g c~ntr~ctors :are expe~.ienc.ed _\ in :network 
r~pres~~tati.on as the r~s}llt .o f work .with.' CPM ~nd PERT. 
Indeed most. could very· quickly ·prepare a networ~ dep.i cting .a. 
" ~t.unneliri~ 0 Sys.tem far m6r~· easily .. th~n preparing a .s.imulf[tion 
' ·. 
.. 
· prqgram. Thus the .. abifity to. simulate· ~ ~etwork repres~nting·· 
' •' -
~ 
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~ . .,""' ' 
- ( 
· ·. ·:·.~ :~ .thir~ . lack come·s fro"l 'the· inf~exibi~ity of ~ome 
. _, ~ 
simulation models · (;16-). All · cbmpon'ents. and their individual· 
. ~ c .~ . 
·, _ 
elements are 'rigid in relation · to the t~nfi~ling system. This 
does not -all-ow ·ade_qt:ta.te expressio~'- of the difficulty . in u_nder-
se~ _ tunneling · where geology cannot be -~r~dicted with a 
• ,. ~~· • • " ' O ,• • ' • I• o . 
reaE;o_nablg_. rile(lstire of. ocertainty. Consequently the .prudent use 
_,.'··:·;.- . . . " . . .. 
0f ·contractor experi·e.nye in selec;ting equipment. ·for t~n~e~ . 
0 
construction is negated. To take full ~dv~ntage - of : such 
information the simulation modei should be le~s deterministic .·, 
~ 
.and . e~ploy a more probabilis{ic appro~ch. S~ch ~n ·approach• · 
.., has. been· used' by Halpin · a~d Happ __ (12_) .0 
.. ·, 
' ·.· . . 
' .. 
' . 
A fo'-'rtp lack 'is iri' the . area of cost planJl.ing · (2.8). 
This is . su~pos~d· ·-t~: be I?e.rhaP.S- . ~he most ·· im~ortant phase of .· 
1 ~ ' • I 
' . . . . . r • • \ • . , 
an~ simulation . - the actua l c~ldulation 9f c~st. But · ag~in i 
'• • l. I • • ' • 
.·, ~ 
· its whole · rei at ion$ hip to th'e simulation is too de:t'errninis-
. . . . 
tie. :;he ,f~·na'l, de~ic.~te a'd_:tus.tment i'n.~~sts, · res~1t~ng from -
/ • ' - 6 I , , ,• _.. n .;. • '' 
con tractor exp,ej-ier-ce, · is ~ lost due . ~o prqg~a~ ri_gi_di ty'; 
\ 
To prod-uce ~a computer tt.mnel construction ~im!Jlation· · 
, . . ~ . 
which: e.limin~t-~s: all tbe. basic d~fic i~n·G·ies . ~entiob- · ·pr<;>gram 
r . . . . o • • ~ • • • •• • 
ed abqve ,wouid cert_ainly ~-e : an ac.compllshment. Such a· pr'agram 
wou!d be' ,vell · underway to becoming · an ef-fective · tool .- ;in · 
·tunneling sirin,9lat\on But. this tool may be lon.g in coming 
due ~~ the io.nmen.se C::~~ \f combi n i~ g .-the knowledge . of-
e~perience~ · des ~g~ engineers and contractor~ ~ith endless 
• il • ~ 
research into se-lection of computers, cofi!puter 'languages, - . 
~ - . 
-co§t estif!Ja t ing syst~ms and ne~vor'king . techniques. J'hus an, 
'• . 
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\ 0 . • . . • - .~.i!..l:'l · ". . . - . \ . . al'~er'n~t-,Ce ~pp~o:ac.h, ~s 'n~~'e-~saryl ·t;~ ·:l.ook · ~t. not al,l . th~< 
. .. I 
' ' . ' .. . 
1 acks in pr.esent ·ap'proashe·s tb · tiinneil.~~· simulati·on, ·: but 
only some of t tiem .· To . u·t i .l i~e··~·on·tr.~d t~t: .. fami liari, t~. ·v/i. th .. 
0 ... . ... ·. . . . . 0 . . ... ' _. ; .: . · .. . : d . . ·::=:_:·· ~·-... -~ \. . . 
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- This .section· ini t ~a.:vze:S · .represent a 'f:;ion· of · the 
Q-:GERT -tunneling . .'syst·eln. Within . it · . i~ .. determi~ec;i· the tYI?.e of 
• • • J. • . • ' • • • • ' • , • . ~ 
,. geo·l,ogy' 
1 
Which ~ay be enC~Untet;ed and 'the ' type 'of tUQJ?eling ', 
. : ' ' . . . . . ·. . ., . 
~et.ho.d: to empl~y. ~~e_lative.of : col,lr~e to ~se'r kno'W'l,edg~'.and . . 
' ' 
•f ex~erie-~ce. 'onc·e det_~rmin¥:.:-the time · t.o tunnel 'thru some . : ,· •' ' 
· .sp~·cified distance ca.n 'be . ar~ived ~-t and- the .remaining: 
... ·. ' . ' . . ·· '· ' ·.·. ·, . ' ' ~ :1; ... :' ..  . ' ·. 
se,ctions-.-of ):~~-network dealt .·wi th. '; ·~ · . 
' . 
. ·. ··. 
. ' 
Sect-ion ..,1, intr.oduc,es the module concept · and· the. 
·n·umber'ing·. sys~em emplqy~d to distingu;ish. '!'"odules. This · 
~y'st.em · utilizes "two · nunib~rs and an ·uppercase 'M arranged as', ~ .. 
. . .• , - ,... . I • • I • • ) • • \ • • • • I .. b 
numper M number. 'rhe_ f.irst num~er rep.resents that of the· · · 
~section, ' tH~ ·1.~ indicates reference to module ·and· the :final . : 
. . 
number is that associated with . the module. Thus 3M4 i's t ·h.e · 
·, . 
, . (.ourth module.: of sect.i.o~ 3 ~. Sue~ numb~ring is employed to 
' ' ~ help locate various functions within the network. · · 
: . The· geologic prediction and e?Ccava tion . secti.on._,.a.1so 
. .. ' . . . . . . . .· ... ' 
introduces t·he conc'ept of working length. .; . 
. ... 
., 
•, 
·. · 
' . 
. 'll . ·. 
···· / .. ·. · ·· 
.• · • , 1,, 
,, 
l . 
\ ' 
. . , ' '1 . ' ' 
The working ~ength. ·Qf funnel · is ·. a . standard 1.ixed · 
·· length of tunnel used as the b~s'is "of various calculations . 
: I 
' I .. • ' 
· !'Alluded to .in · Ch~pter 1 as. tunn·el inte.rval. 
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In connect~on with g'eq\_og~.G predict.ioit and excavation it is ... 
. .'l 
the. distance· the· tunnel face ad\rance~ a's. the r.esul t, of each 
' • f , 'lj' 
. . . • . . ' 11j_ Q-GERTS complete simulat'ion rufi'. 
. . . . . 
,, 
of. t_he ~unn~iing sy~tem. ·or 
.. course the time for' . ·th~s adva,nc~ may vary with each compiete 
' ' '. ~.ol • t : 
· ·simul:ation. Once i.t inay take 2 hou·rs- t6 advance the wo.rking : . . : 
... leng_th while ·in arwthe~J11at.ion .ru~ it might take 40 
L, ' ' 
· hours . In any event the t~working length ;... unit of til:nnel 
progress per. ~.omplete ' ·si~tion _.- · remai~s f~xed_- ~v~r .,. 
" ~ . . 
the worki!lg ·l.ength \s independent- o.f the number of operations 
' ' 
· requi=red ·to t>roduce a ·portion of tunne.l . . If ~h~ · conventional 
~ethod i.s empioyed in· construction for example, in .. one inst-
l • . ; I 
. ance i.t might take 10 _cyc)..es ·of drill-blast-:muck . to go the 
. . . . 
worl.<ing length, ·while in another it might 'take 50 cyCles. 
\ • I . I 
Again the work in~ length is fixed, _the number ' of cycle.s . 
vary. 
. . 
The working length concept parallels real l~fe in 
.. that it pr_ovi<;}es a length base a11owirig si'mulation ( constr-
" ' ,. 
uction) to pro<;.eed in· a step.:. like m~nner. It differs by 
having every 1 step' ( f(;>r ~onven.ience) of·o the same length . 
.. -
Consider a 5000 foot tunnel· with a working. lengt_h ·o_f 
" .1'00 ·feet. Then eac·h compl~te 'simulation run qf the n.e.twork 
' . 
, r~present~~ the tunne_li.ng system wi~ll .. automatically advan,ce · 
'tile tunnei face 100 fe'et and arrive at a time · for this 
- ~ i. 
1 ' ' ' 
A comp.lete simulation run is the . net result of. a 
. definite number o;f s 'imulat'ion's of. the entire tunneling· 
syste'm. For examp-le, a complete. simu-lation run may consist . 
of 10 s.imulations, the value;S for: that run ·being a summary o'f 
· values- for- the 10 runs .· The definite number of simulations -
10 in this case - is referred ' to as the number of ' simulations 
per· working ' length -. · 
J • 
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f6rward move~ent r~l~tiv~ to the· excavaiion' m~thod - ~mploye~~ 
. Henc~ · th~re will be b000/160 or 50.~ompl~te simulation · runs 
.. . ·. . . 
/J '. . ! • I . . • . . • 0 
· requi.red to. simu-late the ac-tual constr.uct'ion over: 5000 feet . 
. ' . , -, ' . 
rn· : this r.egard· ·if it . is · wishe.d: to have 100 comP.J.et·~ simula-
. ' c . . . 
.. tion· runs -then the working leng_th must be 5000(100 qr 50 
' • , . • I 
feet. Now each complete simulatioriorun ~ill advance . the· 
tunn'tl 50 feet an9 ~onsequentiy arrive at a :-~time relative . to .· · 
• '. J .. . • . (. ·1 ·-
this flgurk._ In deciding ~pon a work.ing length--the · use~ , .. 
; . 
. ' 
. . 
- ; 
., 
·. 
' 
I 
!· 
, . r 
d . 
I 
. . 
1 
' 
' mp~t . consider ·· coinpu~~ng time and simul~tion .a.ccurac~. __ . ~~L . _.,- , · \. ,. 
· ..  Ger:H~rally speaki~g I the more. com,plete s·imula tions' that a~e w\ . ' .· , ' l 
·, per fotmed .' the .greater the accura~,Y of the ' dve:ral ~ $1lnul ~)- '~ > .J 
~on ·, 2 b_~·t ·with -~n ~ t-tend~n t · increase. in computing time. l 
Likewise for the number '·of. ·simulations ·per working -length. 
. ~t . . . . : ' ~ 
. Thus a trade o'f f between accuracy ·and computing time will· 
• 
· ·resu.lt, · involvin~ statistics, ' the' progra.rn us.er'_s indivi'du~l 
. ~ ' 
tunneling exp~r ienc~ and hi.,s knowledge o\f. computers. 
I Th~ pr ~ncip.le of work·i~g length i app1icable to all 
subsequent · se~tion~. Howev~r it d6~s not va · y from sectirirr 
' ' ~ . 
~o · .$ection ; . it is fixed for the entire syst ni. Thus if 
. ~ 
. . 
section 1 .has . a tunn~l Working _length _Of 50 fe'et. theri SO· · do 
~11 others. With regard t? .section· -:1 a time i~ ~-roduced 
\. & .. 0 \ 0 ' 
which represents that r'~auired. to advance. the tun~ a 
• ' • • I t • 
\ . 
1 Tl.. • - • . . . . I t . d 1 ( \ . 
·· u1 s l.S a p~rson · u s 1ng t 1.e compu ~r .mo e lor\ p r ? g-
ram) proposed in Chapter 1 and discusse<:t . fn Cb,apter 3, \th~ 
_- ba~is of which (a Q-GERT ne~work represen~at ~on· ~of a . tunnel -
ing .system) is described in this chapter. · · · ,• 
. .2 ·... ' .. . . . · . . • . . . . . 
The number bf simu l,tions . · (sa~pl e . size) for a 
desired ac·curacy may. be ·found' ·by · statistics. 
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,: The pro.babii.ities asso'ciated .with the ·branches are 
. . . . \ :' :- ..,. . . . . ' . .:. . . . ' " 
. ~ :· enti-i·ely · controlled by th.Ef netwo-rk nser. For. exampl·~ , .. shouid · · 
. t .he user ·· be. ri.~~o~u~e~y .cert~fn that the ~D ~anies. · betwe~n · .. :: 
75 and · 190, · a~d that the · ·rpck st'rength {s def-i~it-~·1r ·_bet'ween 
. . . J- ......... . . . ., . • 
30; ooo· and 100; 000 psi,. then the 75-100 braDC?h has ·an assoc-
• g . 
iat·ed probability, of 1. 0. · Likewise :(o~ . t~e ~0, 0~00::1_00, OOP 
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·.. . . '· ; . expe'c~$ . to encounter. he ~ay attach corr·~~ondin~ proba~il-. 
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All me~hods of support- in ·section 3 have · fi've levels. 
. . 
Sections 5 and 6 have · three TA levels .with each method · ot· 
~~ction 6 e~hib~~ing t~e thr~e lev~ls. TA · lev~ls also apply 
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t'tte· . mecha~is.m . t~ .generat~ a de!';ini te · -~~ck queue. · ·Figure · 2. 5 
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w\rking length. Tbu·s· . ~n'e q~e-ue is · s~bj ect t9 ·· work_ing le~gth, · 
transport type. transpor't capacity level .• tunnel size and . 
I . 
t:unile~ ~hape . ~ The~e: l .factors 'are combined outside ~he Q-GEnT 
·: network to establis·h . a· definite queue. In · do.ing. so no 
. allowanc~ is m'acie .for p~~-b~bie tunne.l c~llap'se1 which- would 
- . produce instantaneous queues not 
ion ·via section· 1 . . The procedure 
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resulting from any excavat-· 
~ I. 
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time at level :1 while branch 282-25 has. ~'ero -time. · Once .282-
287 bas been 'rele~sed _-and node 287 ·realized, . t.he~ : logic . of . . 
. . ' . . ' ' . 
,-~~qdt#e ·2M.~ \s alter~ by a replacement of node .201 wi tl) ·nod~ . 
• • •• ' • t • • • • • • • •• • • • • • 
28,2. 'fhis assures that subsequent . looping · from .modules 2J14 
. o 
-~. 
: .~ 
) ... ;· ' .. ~'t 
and 2M5. is b~ought thru mo~~le_ 2M3, _preventing another 
0 
s·election o{ transport · level before a~other ·simulat.ion of · 
s~ction 2 is initiated. Reaiization rif node -2S is · achieved 
only -~t~r "x releases of 282-25': ,The ·value 'x· correspon~s • 
. .. .. ·' 
. ,. . .. 
with x . in node 20·1 of module 2Ml an,d assures. that' node 25 
will only be··realiz'ed · (and consequently simulation logic : 
. . L 
6arried to section 3 via 25-2~0 aid activity 15S) ' after all 
loads ~n the muc~ queu~ · have bee? hauled away .and dumped. · 
• • , , I ' • ' ' ' 
With th¢ realiza~ion of bode 287 the dumping t~me 
' . ' 
at transpor~ level 1 may be determined and hode 227 re~;ized. 
' 
':' 1\t· this· .po_i, one of three branches ,representing tran~port 
unit··level~ ~elected and the.number of tran~port units a~ 
· tha't level are entered into the s'imulatl.on via the unit 
genera tor at node ~5; 86 or- 8,7. Assume . TU level d'ep'icted l;>y 
actJvity~227-23~ is ~ho~en. When this: act~vity is teieas~d ~ 
' • • . • . d 
once' node -23.2 is realized and activity .232-85 . is traversed 
\vtt.h the transport,.~nij-.. return time being determ:i.'n_ed. Of 
course wi t.h the reaiiza t ion of npde 232 , modi.{;_ca tio~ is 
' 
brought to beai and any -further looping thru modul~ 2M~ 
during a simulation tun wiJl ~lwa~s follow ' tbe ~U level 
. <~ . • o· 
just selected. The . me~h~nics of ~~e unit generator is ~imilar 
. ' . 
. . 
.... 
to that · of the oquEme generator deaLt with earlier . . Ttre units .-· .. , 
0 
ge.nerated arr.ive at one of .the system levels in modules 2M.4 
, (. . .. ~ 
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,. 
~:_ or -.2MS;ia -net~or!dmodif~~ati'~n as ii~ustrated in Figure 
, . . 
.. . 
·t 
2.4. ' After ~enerati.on ·._ls fi.nished, ne.twor~· i'qgic ·~oves . to. 
node 2~0. ~hen ·t?ack ·-to · module 2i14 or 2M5. ·. .· ·. : _;· · . 
, . .. 
. . collecte.d :'on '(he 'time . of first re~li~ati~n) and the tel~~se 
' . .... . . 
... 
\t.- · ~f activity 158 .. , . .logi'c proceed~ to the · next · section. , and." 
. and node ··~9·0 . is .~epl.aced by ~o~e: 277 to t·erminate s'imulation 
' o ' • I ' ' ,' ' o ' o 
0 
. ·of·. section 2 . 
.;- . . ;' · , ' 
The reaso·ning· presented here ma·y . apply ·to: any. TU .. t . . ! • • . • •• • . . . • • •• • . • • • • • • . " 
. leyel' .fn .any transport level' ·· · · · ·. · · 
' ' • a 
... · · ·: Actlvitie~ i~ ~odul~ 2M3 having as~bciated . time 
. . . 
distrib~tions are indicated i'n Figure· 2~7 by. th• ·: td an.d ·. · 
o.· 
. .' .t~. ·. :.· .. 
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2. ·234 UODULES 2M4. AND 2M5 . . . ,' 
... '/ . . 
. \ 
M6dules 2M4 and 2M5 contain · six levels of a muck. 1 . .. 
lo~~ing .syst~m associated 'Yi t~ - sec·t_io~ 2 .- . They: each have 
muck que~es (determined ' fn ~odule 2~11), transportation typ~ 
que~~s (determi~ed in ' module 2~3) and· loader queues (deter- ·. 
. . ' 
.J 
. ' 
. .. 
··. '-
:. \ 
. ,· 
mined outside th~ netw~rk). The functicnt- of both modules 
' . i~. to nsse~ble loads ?f muck, trans~~rt u~it and load~r , 
... ' 
'system to simulate the muck loading operation. The networks 
.. for these modules are iilustr~ted 
( \ . ' . 
t~mporary resting,time ~f . the The 
in . Figu,;res ·2~8 an~ 2 ·~·g: : 
l~ader syste~ after · 
. 
comple.tion of a loading operation is rep.resente~ · b~ _tlag', ,the ' . 
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setvice time by' . t 
· . . serv · 
' . 
To under.stan_d · the· logic · of m~tfules 2M4 and .;21.15, 
. . . . 
. .o _. \ . . • . . 
assuine system level 1 ··has b.,een selected, . ther~ . are 19 loads 
~~- m~ck ~o· 6t; . rE?~ov~d ~ ~ i ·n no~e- .247 h~s beeii ·replaced by 
.. 
lo·)·; there · are .:2 readers in · l~vel. 1 (x ·repi_aced _by 2 in node · 
""··.· \ • 24~). and th~re·~re ~ .tratisport, ~nits (0 in node a56 replaced ' 
,. . . ' ' . . . . ' . . 
by 3 )' . Node 253, ~hen combin_es via the functions Of . Q-GEP.'.t;'S I 
l 
_1· load of ~rick, 1 loader •nd ·l transport unit. Henc~ each 
' ' , 
queue in syst~m l~v~l 1 is reduced by 1. If no loader ·or : 
. . . r . . 
transport unit ·is availat5,1e, the U.oad'ing system remains' idle.', 
When t~~ .;~ck que~·e is JJ.flpty, com~ ina tibn via '·the ~--node 
.. . ' \ 
ceases and simula.tion halts·.· 
2. 235 SUBSTITUTION ~ 
::. " '. su2se the operation of sectio'n 2 were simulated · 
. . . . . I . . . . ·. • . 
usi;ng .tru.ck~ ~a~ th~ ·type of transpo:r:t . Then a_ll Q-GERTS data, 
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work and comes about thru an applfca.t'ion qf th'e user's 
exp~rience .ah~ .j-uagement· relative to tunnel characteristics. 
.· 
" . 
. 
2. 5 REMAINING SYSTEM SECTIONS (GROUTING, LINING; VENTILATION) 
. I 
__, The Q-GERT. network for the remaining sections 
. . 
including all modules, is· identical in structure, . fun~tional 
I 
.logic, and netw?rk mechanis~ to the Q-GERT rietwork :foz: sect-
... 
- ion 4 and its modules. Illustrations I(Jf the "'remaining sect-. 
, 
iqns· and respective modules are contained in· Appendix C. 
. . . 
.. ' Section 6 (lining) is somewhat . similar .'to section 
. . . 
3·•(support). in that whereas section. 3 has a ·choice of three 
. methods t?f support, sectio'n 6 has a choice of four methods of',. 
~ining . · These met_hods:"are; 
1. Goncre.te· 
2. Prefab.". Concrete 
3. Prefab. Metal 
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4. Shot crete 
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.. \ 
.( 
' . 
J, 
\ 
I 
,J 
. •l 
') 
l 
' 
' I 
. . 
'· .J 
...,,·· 
·* . 
o 0 I . • 'I '. •' 
I ' 
. ,' . . . . . . · ~· ·. ~. , . . .. ·· .. •' ' . 
.. . \ 
. \ , ' 
.. ... ' 
.. 
. . ; 
elf • • 
\ • 
' 
' . 
• 
.. · ... : ,,,:,' . 
'' '• I 
I . : ... • 
.t· 
" 
,1 - ' 
• ' · .. 'l' • •• 
\' . 
' .... 
. ... ' I . 
I • 
~I' 
' 
.. 
i ' · 
. '., 
. , 
' 
' 0 , 
. 
. 
.. 
.. 
3; · Q-SHU'l' . 
,, . , " . ':' 
: CHAPTER . 3.· 
(' . 
• I • ~ 
~-
. . '·· · __ ... "'-__ ..... ___ _ 
'· 
! . 
"\1 •• 
. .. 
. . · 
. -: 
. 
,, ._. 
82 
I ," 
II 
. 't 
. · .. '\ 
, . 
' ' 
_, . 
. ·I ' .~ 
. . r 
.. ' · .. " 
• I •. ... . _ 
. . , .. '·'. 
' -~ 
0 . ' . 
· .. 
. . ~ 
An examination of . the .tunneling .system section~, 
. bearl.ng in mir\d the 
required before the 
d~_ta ·preparation -fo·r . Q"7GE:ins· oper~tion 
I ,; • ' ; ' • , • ' • • ' ' 0 • ' ' ' < ; 
• 0 I # 
sect~orls . can •'he · sini"ulate<i. "le.ads ·to '··t .he 
.. ' 
· • { I • 
o.f a separate non-Q-GERTS' computer program to aid tn 
~ . ,. . . : . ·. " -~ • . iJ . . .. . . 
pr·epara i _ion. This idea has ··:b'een .ad.o_pted and. in.~e~d1:' · 
. . 
_., s.uch 
idea 
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~- I' 
•. ·, 
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.. ( ,'' .. "! 
~ - ~ ] 
: .,., ~~--~ : 
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/1. -
. ' ;;::::. . . ' . 6a~ti~d one step further~ The end result!~ - ~h~t - ~he comp~ter · 
• • 0 ~ ' : : • •• • "' • ' ' • • • • • • : ·· . ' , ' • 
. -program'( computer model) developed to simulate ·.the tunn'el·i!i~ 
. . : ' . - . . . ·. . . . : . ~ · .· . 
' . syste'm· as . described 'herein, ' i~ iargely a :data manipuiation 
. . . ' ' ·. . ... \ . 
program, having a~ o_ne s·~brout. iri~ the. Q-GERTS ~pro~rani. · · since. 
. • \ • • • • s ' • . . ~ , ~ ,..It· . 
Q-GERTS -is fundamental · to -sue}) · simulation, · this program-. · 
. • : ' • . ! . . . • . •. 
4tiliz;i.ng Q-G~RTS· will he.reaft~r · be re·ferred .to· as Q-:.GERTS 
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. There are thre.e 
'!!(') • ••• ~ • ~ : . .... 
I ' 'C) ~ , • I ~ • ' l'11 
. 1. Single upcra_:te at .start· ·of s.tmuiati·o~ i'a~tin~ .}~r· · \~· · 
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'I • ·.en~.~-r·e simulation of ·system. -" · : '>:.-: ... ·· 
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2. Possible update , at every wo·rki.ng ' .length.· ( defiri·,..; 
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~~- - · ~: ~i~s·si~ication . . a.~plie's ~o.- prpb.~biJlties ,-.r.·~l~:tE!d: :t:.O'·g~~~·9ir~ :,.: : . ··: · · :··. · 
' . ·. J . , . .. . . . . . , \ . . . """ . - ~ , • . ·.. .. . . I · . . . . . ,. . . . . .. 
. ch'ara~teristic:;i·· ..  o.f th~·: tun~et. ·~· Thes~) V.alues:··-~ay' ~·h'a:Oi~- .:a \ ·: .· .' -·~ ·-· .·:'· .:'L : 
· · · · ·.: 4o~~-n- :~ .ime·~ ::.·. ~~~~~:·iii~ · o~. ·~e~-l~gic ~-~h~·~~e ~' -·~ut· 1~(3:·t~ii1~;·~ n~ ~. .· ·. • l~·> 
~ore .tha~ th~ · nu~ber<6f ·tt.il;\~e1 .' work.j.ng i·engt~s.· eon·t~.'in~~{'iQ . :: ' .: . . .. l 
• .. I p • • '• ·., ,: < '' I,." • ' ':. : • , ' • • ,"' ' ~ : ,:: ; • ~ ·': ' • • .• ' ' ', , '~ • · , ' • : • ~ ' • : ' 'o \• ~ ' , · • ~·. 1 .' ,•' 
ttt:e' _whole_, t:unne\ len(t~. ' ·~rovi.ded t~-~ _ tu~n_e~; ;.vo;r~·in(· ~e.n_,.gth :.- . . · ... ;.; r· . 
I .. . . . . . . . . . . . .. . . " . . • . . . ' . . ' . ·j 
·· 4. · ~ · · is·· n_ot .- so · ·larg~·· t .ha·t · :i:'t app_roa:che!:;· this. wh9t·~: . ~engtti .. ·~he . :. · · . · · · ·~ · 
. ~-
t· . / 
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- . "' . . . . . . '. . . . . . . . . . . . :.· . ·. . . . . . . . .· . . . . . ~-
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.for cumulative · workinflengths,· tJie'n u·t .ilization i ·s ·.t'he ·sum · 
- .. · ,· . . . ·. ·. · I . . , ~ . . ; · .. .· . . ' ~ ,_ .. ' · 
_of utili2:at'.i.ons over all working lengths. Se~ Figure 3. 9. • 
. . ~ ... .. . ·. . . \ . . ·~ : . · \ ~- ; ' . . . . ' . ' 
·.· . ~ .. Th_e t1.!11e periods•of server gives .tne·-longest ·peri\Od 
. . . . . . . ' . -
' .. " . . . ' 
idle and busy ·. for each senrer l~v~l . in each secti:<>n. Once· 
. . 
again this is relative to "the type of ·simulation r"esuit ..... ~ . 
I . I , : 0 • ' • ... • ' • • ,~ ~ • 
It ,·sho'tild be noted in both: fin~l results and ave~age. 
J • . ' . . 
/ . 1 ' - • . • ..... 
server . utilization, that results ar'e for pa'r.tictilar' points 
• oi) .... • • 
along ·the length of . the ·. tunnel whose 
. ' . . . 
. . : • I , . . ' 
simulated. The desire to have ' simulation 
construction' · is being 
. -- .'I . • . · .. ~- . 
results · so . displayed ·: 
. . ' . . . . 
I 
may' stem .f.rom geologic' changes or··_updates·occurring 
. . . . "'" 
. . . - :· ( •, 
at ~those~ . . 
·. . : ;' . ~ . . . . .. ' 
. points, and the user.'s wish to anal'yze that; c¥n·ge 
. ... ~ 
or update. 
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3.63 rTHE OBJECTIVE OF Q-SHUT · 
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· ~ The· objective of Q~SHUT~ -is .• to aid. in selectin'g an 
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· , ·...._ • • • .. . ' .• . . I . .' . ' 
opti_mum tunneling method and e,cfu~pm:nt combin~tion for us~ on 
a part _i~ular t-"\.lnneli_n~ proje~t. No defi·nite . proc~dure c~n be . 
outl ineiJ. to ~chieve s~ch· an · ~id'--.~!3 all._ approaches to Q-SHUT · 
r . .. . . . .. 
• are ·subj~ct to the wishes· and,' experience . of _the program ·user · 
. relative -to program flexib.~li_ty.: ._As us~r experie.nce ~n· actual~ 
. \ 
program opera t _ion· an~ capabili t .ie·s is gainec:J, .a ~_tandard 
.. . 
approach to Q""7SHtJT analysis may arise .. u'ntil ~this ~0int .. of 
. . . . : .·· 
· ·de~elopment -is· reached, ·only suggestions '·rega.tding t~e ~ 
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·One way to select a method o:f tunneling _··by Q-SHUT· 
_might; be· :to si~ulat'e·.:t·~.mriel 'cbnstru.ct~· n ~using · the · co~vent- . 
to~a·l . ~~~_hod ~f . e.xcava:t·i~n, . t'h'en s}rnul~te . 6ns~~uc~i?n ~-;i~g . ': 
. . . ' ' . . TB~I., · (all . <?th~r- . variab-les' ·.~.mchanged.)'':(:o ~ri·n'g ·_-!es~·l.ta~t . · · 
' . . .. . : : . . ., \ 
times ·and costs'; Howe.ve~ ,· th~s · assl;lmes- u&ing ·'?ne method 'for 
• ... . • • • : t • 
the entire tunnel con-struction: P~rh~ps · b~ly. a ~o;tion ··of· it he ·.· 
. ' . . . 
I , • ' . , \ , 
• '
1 tunnel length' can· be exca:,;a ted by _..Tij~f. . Th,ils · Q+8HUT . may be 
• \ • • • • • • ·- •• ' · ' • • ,J • • • 
. o·,· 
utili~~'d to simulate ·codstruction bf a· t~n~el · equa.l .in ., 
. ' . 
· . lerig.tti · to this portion., · first· w~'th . r~spect to; TBM 
'. 
wi-th respect to converrtional·excavation. Results f'or·TB 'may. 
' ' ~ ' \ ' : I o ' ... • ' 0 
'be ·compared with conv~ntional and ··thus a-id i.n' "any' f'inal ' . 
. . . . . : ••• c "_j . : 
selection of method. The' remaining· ·portion ·_of tunne'l (p_art. ~ · 
. , 
. not subject to TBM ex-~avatipn? niay have· its. construction .· 
. ~ ' . -( . . 
_simulated ~Y again:~ss~ming · coristr~ctio~ of a ~unnel equaJ 
~ 
• :. 
in length to that.~Qrti6n, subject . io con~entional e~ca~at~ · 
6 • ' ' 
ion. This ~pproach (simulating const~uction irt>. po;t·±ons). is 
J • ' I • • • • "' ' ' ' ' ~ ' ' ;. • ' ' • 
· neeessa~y b~c1lUse . Q-SHUT .4oes -not · ~ve the capab.iiiEY. to ·: . . . 
' .. 
' 
·, ' .. ' 0 t • 
update ~u~t;t~ling m~.tbod at . any. p6~nt (corresponding. to a' .. · ' . 
.. . . 
IJ!Ul tiple of the tunne 1 working length) ·during sirimlation ·. · 
. Tunnel 'ieol·o~y such· as RQD, ro·ck st~eng't: ~~~d - groundwater 
. .. 
_·in flo~ may be upda_te~ a~ a,ny' p~_fnt, . but nbt the :~~t& •· •.·. · . 
. . 0 ' 
excavation method. ~ 
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. t . • 
Perhaps· anot.her '·'<way to· select m.etliod-'m_ight ·inv.Glve ' 
- • • ' ~ •' •,J • 
. . . . . 
·the . use of Q:-SHUT over portions· of the · tunnel . whi'ch' may be· 
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excavated by either of the two meth<;)ds considei."ed,. a~d - ,py . 
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. .' · ... usin~g .3; ... ~~re . qu~n.~~i~~ ~~ ve. approa.ch o:~er ·.:trt:~·on~ , w~~~e · ~·~-1~ . 
1
_ :_ .• p:e .me tho~ ·. ~:~n a~pl~ ·.. ·. . . . . ) . . . __ .. 
. . .... ·As can .: be .; ~eie~, · how Q~SHUT is .u~~ed as· an aip in··~ 
. ... . I :• . . . . . ·. . ·-
sele'cting exca>va~ion~· method is {ndee.d varied·, ·; depe'hding :o~ ' · .. 
t? '.' ' . . ./. . . " . . : :' . ' ' " ' . ' . 
.· t 
·user. ingenuity . . However, · whe.ther th'e entire tunnel construct-
. ' ~ ' \ ' ' ' . 
tion Js osimula ted ~r. oril'y 'po:~;t'ions •· s~lection' ' may- even·tli.a.iiy 
I , • • . , • ' ~ • . . • ·' 
·.· · .... c.~ine. do·w~ to · l;l . ~omp-~ri~on : Of· 'Si~ual ti·~·~ ~-es~l ts ·far · c~nve~t-
.. - . . . . 
., 
· .,1 
~ ' ·~im-~la~ing .tu'nnel "construotio'n With . respect · to· .. ~everai . ' · ~ ·...: . 
' . ' 
. • . I . , '. . ~ •. ' . ' 
. _cotnbipations of tunne:l s,upp~r~ and lining .• ·. 'and transpor·t;ati6n . .. 
9 
... • :t~p~ ·(·and -~~so~~ted -~os~s): .~he~ com~ari~g· .. res~l-ts .' I f -.' · ; · . ... · . : · L · 
o I \ , f o • • .. · , I o : ;, ~ ~ • • 
.. 
·.· ti'me and costs ' for '.~;?ne combination j.s lower than ~th'er_s, . wi~~ ·.: 
' . ~ . . . : . . . . . . ' ' . . . ...........--- . ..,, 
~ · , · ..... a high server ut'i~izati'on, .. thEm this . combinatidn· ls."' a lik'~y 
' ' 
choice to · use· in real co.nstruc t'io~. Of course any' finai 
,.. . . 
~ ternpe~ed b~· user knowl.edge, perhaps · "i. nvolvi~g <;,·· 
• 1 ' • . .. , • • • • :' • 
. . .:. ·' 
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' ' 7t-we~n .t ~me , . :cost· and ··ser,v.er · iJti~ization , o.r 
• lit . . ) ' ·. . • • ' : : . . . ' \ • . • • . •. •. " . 
.. · ~ven f_arits e ernal . to a!ly .Q-:SHUT s imulation_. Q- SH.UT. is' an·: . . 
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lf selectio 
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the.:. p:rogram use.r·'.s'· Ci.iscret'ion; · . . · ';-
• • ~ ti . 
. . of e.qulpme.nt .. 1 ·~s b~~ea . ,on suc.h c~parison ~ ot.her ·: :--
_simUia(!<>n : ar~ ~u~t be co~st1ptd~ng 'simu1atioil of , .• ~ 
the. ·~~nne .• . st'e~ t:_or eac~; . com~,r~1 .~~1C>n~ ·.. . .. ·• · . f. \ . • ..• I \1 ' . i. 
m·e.nt selection might/~·lso' be. ~~.~lish~d by . .. · . . :t 
' i' . assu~~nly ·:~ne_ G~~bi:~ati~~ (ref~t.ring to ·comb~'nati~r}'· d~t~), · " J:-
Varyin/seldt~~ ~nfo;~~tion co';;taih~L in ot~.er, ,c.ine:ctiOn . . ·. . / ·.l.\ 
s~e.~ts . (s~bJelct to u~e~ dr;;cre,t1on) ~it~~at;~ f!,>~~lat><;>~_, of . . . l 
~nt~.r.e. . ~u~ile.",\ 1 cons~ rue t~oJl ••. and· co~p-~rin·g . r~~u,l.-ts-~ :; .. &·. . . 
. .·· ~ : ~ .. ·~ Stilllano.ther ·app~.o~cn to s~~:~~ti~n· mi.ght ·illrtvol,v~· . · ·. · . . 
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' < 
. 
/ 
. . I 
, ' I 
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. v;o.rking length \\may be sfmula~e_~ subject to .another set of : · 
. . l . . . ·. . . · l .. · 
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~e~~·i:~s· .~.ver .p d rtion's of . tunnel equai .:in le.ngth to~ .the. .. 
worki~g . l~ngth \rat·h~r than 
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' All , comput.eJ progra~s .in 
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for improvement; . ~r?wing . pains . are 
~. 
'. have r~om· 
. ~t .. : .A~d 
1 . too .. freq-
/, .~ . · . 
e?ent state the 
program is fund·aniental .. an.d . quite uoadorn d . . a·asic"'concepts 
. " 
are sound but need to be uti!'ized more effi..ci'eritly ... ·· 
. '. . . ' . ' . . . . 
. Ex~·eri:~~ce :· g':lined ·in · a~t'~ay Q~SHU~· d~raeti?n, · to~ethe~ with · 
,. • • • •• • f • ~ · · • \ .... 
. ·continued research anQ.. d~v,elopment . should' eventua_lly·c.lead 
to a more .mature ·simulation pro~r~m . · ~· . . 
" . ' (). P~rhaps the major condemning fault of·Q-SHUT i~ its 
high CPU t~me. To simulate -construction o! a t~nnel with 
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twenty-five working le.ngths, ·a .mfnimum of. updating· arid . \ . 
:results collectio'n~ at oniy five points ' alo'ng th~· length, ,. 
, · : ' \ . . . · , \ ... 
.. ~.e~e~tl.~ · ;requ!re.s\·approximat.e!'y - 2~ _minut~s of, CPU t~me. The 
. : ti.me may be. red~ced . by 1fc'reasfng· the size of a . working •: .· 
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g ._t·h~ ~m;~rit ·_~f .. u.pdating or · collect in g. fewe.~ simu~ation 1 
' ··~ ' • ' ' • I • 1 e • • I ' ' ' ,.. • I ' 
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i . • \ • . ~ . t • • • 
I • \ • . ,· 4t 
·- . to l;i~lect "tunneling . ~nd equi,pment ~combination based on 
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co~parisons of . ~imulatiori res~lts. 
\.-- ' I ~ , J The in1ef.ficien~~pu·· time resul:t ,s .'ir~~ the. s.y~~~~ 
' . ~ · · ~qf fi~i~g .an~ up~ating emplo~ed .. by' Q-SHU~ This .~ystem : . 
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·decreed otherwise;· Bu<;{geted CPU time . was drastically 
} 
. . , 
red~ced fro~ the ~ll~t~ent 9f ~i~~iou~ years, and co~tinu·d~ . 
Q-SHUT tesea;ch h~d to . be· curtailed: 
. . 
\ 
. · An1y ;uture development of Q-SHUT must · :ti'rst. 
...;a .bet:t·er ~ystem of ~ili.ng and r~t~ieving ~imulat.iJn 
I . 
· 1' 
dea-l · with 
variab}es . .. ~ 
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